Context: The natural history of advanced thyroid malignancies is largely unknown. The outcome of patients included in the placebo arm of clinical trials could be reflective of their therapy-free evolution. Objective: To analyze the response rate, symptoms and adverse effects of locally advanced or metastatic differentiated (DTC) and medullary thyroid cancer (MTC) in patients treated with placebo in clinical trials. Design: PubMed (MEDLINE) and SCOPUS databases were searched through September 2015 to identify high-quality randomized controlled clinical trials. We included studies that recruited patients with DTC or MTC with a placebo arm. Methods: We conducted a meta-analysis for each category of response rate, adherence to treatment, and adverse events. An empirical Bayesian random-effect model was used. Results: We identified five clinical trials. DTC and MTC were independently analyzed. In the placebo arm, no complete response was observed; partial response occurred in 1.6% (0.6-3) and 6.4% (3.4-10.3) of DTC and MTC respectively; stable disease was described in 40.5% (34.6-46.9) and 53.9% (44.3-64.4) of DTC and MTC respectively. DTC reached a disease control rate of 42.3% (36.2-48.9) and MTC of 60.2 (50.1-71.4). Treatment discontinuation rate was 3.5% (1.9-5.5) in DTC and 5.7% (3.0-9.4) in MTC. Rate of dose reduction was 7.3% (4.8-10.5) in DTC and 6.2% (3.3-10.0) in MTC. Conclusions: This meta-analysis provides extensive data on the response rate and adverse effects of locally advanced or metastatic DTC and MTC in patients treated with placebo. These results may be used for comparisons with results from clinical trials without a placebo arm.
Introduction
The natural history of thyroid cancers is largely unknown simply because hardly any patients go untreated. However, from experience, we recognize that these malignancies (with the exception of anaplastic thyroid cancer) are generally treatable diseases with an indolent course and fair likelihood of complete cure. Nearly all differentiated thyroid cancers (DTC) respond very well to surgery plus radioactive iodine therapy (when necessary). On the other hand, medullary thyroid cancer (MTC), while certainly more aggressive, have a 10-year survival rate for operated patients with stage I and II is 90-100%. One of the few pieces of data about the spontaneous evolution of untreated micro (diameter !1 cm) DTC comes from a Japanese study (1) . Their results convincingly concluded that a substantial proportion (w70%) of papillary microcarcinomas remains stable or even regresses spontaneously. Nonetheless there is extensive experience showing that some patients with aggressive DTC or MTC do not respond to conventional management. Unfortunately, the chance of cure for these patients with progressive and resistant-to-therapy disease is extremely minimal in those cases.
Since the early days of the present century, a new paradigm in the management of the advanced thyroid cancers has been developed (2) . The availability of tyrosine kinase inhibitors (TKI) in the war chest against metastatic thyroid malignancies has improved these patients' outcome. Over the last 15 years, the number of clinical trials testing novel targeted therapies on patients with advanced thyroid malignancies has rapidly increased. However, the common TKI adverse effects and questionable improvement in terms of the quality of life of patients under these therapies have reduced the enthusiasm that was initially elicited by these drugs. Notwithstanding the drawbacks, some of these compounds have gone to phase III clinical trial stage and there are highly active and world-class research groups looking for safer and more effective molecules against thyroid cancer (3) .
Employing state-of-the-art methodology in order to fully understand the true efficacy of the tested compounds, some recent clinical trials have included a placebo group for comparing the results with the intervention group. Thus a close examination of the outcome of the placebotreated patient group may provide invaluable information and permit the tracing of what could be the natural history of locally advanced or metastatic thyroid cancer. Accordingly, we decided to retrieve and analyze all placebo-treated patients with advanced thyroid cancer (either DTC or MTC) from clinical trials that included this type of control arm. Our aim was to gather information (albeit partial) about the spontaneous evolution of the aggressive disease and the presence of 'placebo-related adverse effects.' The information we present here could be useful for making comparisons with the results of ongoing clinical trials with no placebo arm.
Subjects and methods
Search strategy for the identification of studies PubMed (MEDLINE) and SCOPUS were searched through September 2015 for studies satisfying inclusion criteria. We used the keywords 'Thyroid Cancer,' 'Differentiated Thyroid Cancer,' 'Medullary Thyroid Cancer,' 'Tyrosine Kinase Inhibitors,' 'Adverse Effects,' combined with 'Randomized,' 'Placebo,' 'Clinical Trial,' and 'Randomized Controlled Trial.' No language filters were used. After the selection of articles, we manually searched for potential new papers from the reference lists. Two investigators (M L-V and J C G) evaluated the studies.
Inclusion criteria
Studies were included in the meta-analysis if they met the following criteria. They had to involve: i) patients with locally advanced or metastatic DTC or MTC and ii) randomized controlled clinical trials with a placebo arm. Reviews, letters and commentaries were excluded. Thyroid cancer patients were defined according to what was previously established in the primary studies. We independently analyzed DTC and MTC.
Quality evaluation
The quality score was determined following the Jadad method (4) (Supplementary Table 1 , see section on supplementary data given at the end of this article). The score evaluates the quality of selection, sample size and losses to follow-up, and was specifically developed for meta-analysis of clinical trials.
Data extraction
We recorded the following characteristics from each study: i) demographics (number, mean age and sex of the subjects), ii) geographical area where the study was conducted, iii) Eastern Cooperative Oncology Group (ECOG) status, iv) histology of the tumor, v) information about past medical history, vi) response to placebo treatment, vii) adherence to placebo treatment, and viii) number and type of 'placebo-related' adverse events.
Following the criteria of the clinical trials, responses to placebo treatment were classified according to Response Evaluation Criteria In Solid Tumors (RECIST) criteria (5) . RECIST categories are summarized as follows: i) complete response (CR): the disappearance of all target lesions; any pathological lymph nodes must have reduction in short axis to !10 mm, ii) partial response (PR): a decrease of at least the 30% in the sum of diameters of target lesions taking as reference the baseline sum of diameters, iii) stable disease (SD): neither sufficient shrinkage to qualify for PR nor sufficient increased to qualify for progression disease (PD), iv) PD: at least a 20% increase in the sum of diameters of target lesions, taking as reference the smallest sum of study. In addition to the relative increase of 20%, the sum must also demonstrate an absolute increase of at least 5 mm, and v) controlled disease (CD) rate was defined by the sum of CR, PR and SD.
The adherence to the placebo treatment was classified as such: i) full adherence, ii) permanent discontinuation of the treatment, iii) temporary interruption of the treatment and iv) reduction of the treatment dosage.
The 'placebo-related' adverse events were divided quantitatively and qualitatively. The frequency and number of adverse effects included: hypertension, nausea, diarrhea, fatigue, asthenia, decreased appetite, weight loss, Palmar-Plantar erythrodysesthesia (handfoot syndrome or HFS), alopecia, rash and desquamation, and abdominal pain.
Quantitative analysis (meta-analysis)
The meta-analysis was focused on the outcome of those patients treated in the placebo arm of the retrieved clinical trials. The meta-analysis integrated i) the response to treatment, ii) the adherence to treatment and iii) the presence of adverse effects. Separate meta-analyses were conducted on DTC and MTC trials.
Instead of a frequentist or classic statistical approach, we used a Bayesian model because we evaluated a proportion meta-analysis because it deals more adequately with heterogeneity than the classic random model as we explain elsewhere (6) . We provide 95% credibility intervals that indicate that the real value is between these intervals with a probability of 95%. The empirical Bayesian random-effects model accommodates heterogeneity by assuming that true frequency differs across studies. Each meta-analysis was performed to provide a global estimation using the confidence profile method employed by Fast*Pro Software (7) , which is widely used for Bayesian proportion meta-analysis (6) .
It was not possible to perform the meta-analyses neither on all categories of adverse events nor on all categories of responses to treatment due to the insufficiency of data available in the original articles. The trial conducted by Wells et al. (8) failed to mention the number of patients randomized to placebo who have PD. For the same reason, we did not carry out the meta-analyses of rate of adverse events, adverse events grade R3, and rate of treatment interruption in those patients retrieved from the two MTC clinical trials that eventually were selected (8, 9) . In relation to DTC, we did not perform the metaanalyses on the incidence of asthenia because the SELECT study (10) , evaluated asthenia and fatigue altogether.
Results

Search results
We identified 86 articles that met the inclusion criteria. Studies were excluded because either the title or the abstract did not satisfy the inclusion criteria (50 papers), or because they were related to a different type of cancer (nine studies). The remaining 27 studies were clinical trials (phase I, II or III) evaluating the efficacy of TKI in thyroid cancer. After analysis of these trials, we identified five studies with a placebo arm that eventually fulfilled the inclusion criteria of our meta-analysis. Three studies were focused on DTC and are identified in the present article as DTC 1 (11), DTC 2 (12) and DTC 3 (10) . The remaining two studies admitted MTC patients and are labeled in this paper as MTC 1 (8) and MTC 2 (9). All but DTC 1 (11) were phase III clinical trials ( Fig. 1 ).
Differentiated thyroid cancer
The entire DTC placebo-treated sample included 414 individuals, consisting of groups of 73 (DTC 1) (11), 210 (DTC 2) (12) and 131 (DTC 3) (10) individuals, in the three different trials. All subjects had evidence of targeted lesions and were assessed following RECIST criteria throughout the observation period of their respective studies. All patients were diagnosed with locally advanced or metastatic 131 iodine refractory DTC. Studies included in the meta-analysis: 5
Figure 1
Flow chart of the meta-analysis. The results and demographic characteristics of the studies are set forth in Table 1 .
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Response rate " No CR was observed in any DTC patient included in the placebo arm. PR occurred in 1.6% (95% CI, 0.6-3.0) of the patients included in the intention-to-treat placebo arm while SD was described in 40.5% (95% CI, 34.6-46.9) of them. Therefore the CD rate was 42.3% (95% CI, 36.2-48.9). On the other hand, PD was seen in 63.3% (95% CI, 55.9-71.2) of the patients. Detailed information is compiled in Tables 2 and 3 .
Adherence to treatment " Permanent discontinuation of treatment among the placebo-treated patients was 3.5% (CI 95%, 1.9-5.5). Temporary interruption of the therapy was registered in 22.9% (CI 95%, 18.1-28.3) of the placebo arm subjects, whereas the rate of dose reduction was 7.3% (CI 95%, 4.8-10.5) (Tables 2 and 3 ).
Adverse events " Adverse events attributed to therapy occurred in 76.8% (95% CI, 67.7-86.3) of the subjects with advanced DTC under placebo treatment. The prevalence of severe adverse events (grade 3 or worse) took place in 19.8% (95% CI, 15.7-24.3) of them, although the frequency in the three DTC studies ranged between 26.3% in DTC 2 (12) and 9.9% in DTC 3 (10) . A separate meta-analysis was also conducted on each of the most frequent placebo-related adverse events reported in the clinical trials, and the results are summarized in Tables 4 and 5 .
Medullary thyroid cancer
As mentioned, there were two clinical trials that admitted subjects with advanced MTC. The MTC 1 (8) placebo arm recruited 100 subjects and the MTC 2 (9) included 111 individuals in the placebo group, giving a total of 211 subjects for the meta-analysis. All of these patients were adults who had unresectable locally advanced or metastatic MTC. The demographic characteristics of the studies are shown in Table 1 .
Response rate " Similar to DTC, there was no CR found among the MTC patients included in the placebo arm. PR and SD occurred in 6.4% (95% CI, 3.4-10.3) and 53.9% (95% CI, 44.3-64.4) of the intention-to-treat placebo individuals respectively. CD rate was 60.2% (95% CI, 50.1-71.4). Nevertheless, it is important to Tables 2 and 3 .
Adherence to the treatment " Up to 6.2% (CI 95%, 3.3-10.0) of the placebo treated individuals needed a dose reduction because of adverse events. The rate of discontinuation of the placebo therapy due to adverse events was 5.7% (CI 95%, 3.0-9.4) ( Tables 2 and 3 ).
Adverse events " Like in DTC, separate meta-analyses were carried out on the most frequent placebo-related adverse events reported in the two selected studies and the results are presented in Tables 4 and 5 .
Discussion
TKI have revolutionized the treatment of several cancers. In advanced thyroid cancer, a number of clinical trials tested their effectiveness with encouraging results. More recently, a number of randomized phase III clinical trials with placebo have been published. Randomized double-blinded trials with a placebo control are considered the gold standard in clinical research. The so-called 'additive model' assumed that drug and placebo effects are additive in the drug arm of the study, thus subtracting the response in the placebo arm from the response in the drug arm would allow to researchers to assess the true efficacy of a drug (13) . The placebo effect has been defined as 'the effect seen in a patient who has received an intervention which is believed to lack a specific action' (14, 15) . Since the first modern description by Beecher in 1955 (16) , it has been reported that over 35% of patients are improved or cured by the placebo effect, although it has been suggested that this rate of response is overestimated (14) . Greater effects are observed for subjective sensations, psychological disorders or for relief of symptoms. Certainly, psychiatry is the field where placebo effects have been researched the most (17) . The exact mechanisms of the placebo effect have not yet been adequately explained and several models have been proposed in an attempt to do so. There is a recent evidence that genetic variations in neurotransmitter pathways can modify placebo effects, opening a new area of research that some authors have called the placebome (18) . Several meta-analyses have been published which purport to establish the power of the placebo effect for specific disorders, including minimally invasive interventions, some with controversial results (19, 20) . However, in the field of oncology, available data are scarce. Moreover, to our knowledge, this is the first ever such study in thyroid cancer.
Chvetzoff & Tannock (14) published a systematic review in 2003. They included 36 randomized placebocontrolled oncologic trials, from 1966 to 2000. The vast majority of patients included had advanced cancer, metastatic cancer or terminal cancer. Criteria for tumor response were inconsistent and in many cases non-rigorous, but they found a response rate ranging from 2 to 7% in the placebo arm. Authors remarked that positive response was more common for trials of slowly growing tumors and when the duration of response to therapy was shorter. Although having a worse prognosis than in non-refractory welldifferentiate thyroid cancer, evolution of advanced DTC or MTC is still more indolent than the majority of epithelial neoplasms. In our study, all trials included the widely used RECIST criteria to evaluate tumor response. With this objective measurement tool, we observed a low percentage of PR in DTC (1.6%) clinical trials in the placebo arm. Moreover up to 40% of patients in DTC studies achieved CD among the placebo-treated group after a follow up of 6 months. PR rose to 6.4% in MTC subjects and CD was present in more than half of these cases. Some authors differentiate between placebo and nocebo effect according to its positive or negative impact on health expectations. The term placebo applies to a therapeutic encounter that benefits the health status because of the patient's belief in its effectiveness, whereas nocebo applies to an intervention that worsens the health status due to the patient's failure to believe in the healing power of the intervention (17) . On the other hand to consider the placebo as an 'inert substance' is erroneous (21) . In a broad sense, any circumstances that influence a patient's health care (from a medical team to the hospital environment) influence the therapeutic effect. A positive attitude of healthcare staff always matters and has a substantial impact on treatment outcome, though it is difficult to quantify (22) . Empathic and professional health care create a cognitive-affective-sensory orientation, tapping into conscious and subconscious mechanisms that can predispose a patient towards reduced symptom severity and lessen reactivity to underlying pathophysiology (21) . Similarly, psychosocial factors that modulate therapeutic placebo effects also have the potential to cause adverse consequences (21) .
TKIs are generally better tolerated than traditional chemotherapy. However, their use is clearly accompanied by several (and sometimes serious) toxic effects. Normally cancer patients are informed of this potential toxicity when they receive the information prior to recruitment for the clinical trial. This knowledge may indeed contribute to the nocebo effect. Although there is no evidence that placebos can shrink tumors, some experiments have shown that common symptoms of cancer and adverse events related to cancer therapies are responsive to placebo treatments (21) . In the aforementioned systematic (14) found an association in the type and incidence of side effects between the treatment and the placebo arm. Research reviews have estimated that 4-26% of patients who are randomly assigned to placebos in trials discontinue their use because of perceived side effects (21) . Although the majority of adverse events were moderate to low in the placebo arms, some trials associated grade-3 toxicity to the placebo, which was a reason for withdrawal patients from the study. In our meta-analysis we found a rate of 76.8% of the subjects with advanced DTC, with a percentage of grade 3 or worse in over 20% of them. However, the rate of discontinuation was only 3.5%. Notably, hypertension, fatigue and gastrointestinal events were the most common complaints, as was found in the drug arm of the trials, as if the placebo was mimicking the TKI. Thus, the side-effect profile of the placebo groups seems to partially reflect the anticipated side effects of the drug (23).
This meta-analysis incorporates all available publications on patients with thyroid cancer who have been treated with placebo through September 2015. Although the number of studies is limited, the information provided is highly relevant. It is possible to perform meta-analysis using as few as two sources of data (24) . Undoubtedly, meta-analysis on this topic could and should be conducted in the future as more information comes available. However, based on the reliability of our investigation, we anticipate that the results of future meta-analysis using a greater number of clinical trials will not differ significantly from those presented here, with the only difference being that the future study would likely narrow the CIs.
In summary, in this meta-analysis, we have found a low response rate among the placebo-treated patients with advanced or metastatic DTC or MTC. However, a significant percentage of those patients achieve substantial CD. On the other hand, we have found that placebo and nocebo effects in advanced DTC and MTC randomized clinical trials were similar to those published in the field of oncology. The slowly growing tumor profile and the short follow-up registered in all the studies analyzed must be taken into account to fully comprehend the real effect of the TKIs.
